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MTIOITAL ADVIGORY CO^MTTEE FOR /JSRONATITICS 


TECHNICAL NOT^E NO. 1337 


EI^TECT OF HORIZONTAIr-TAXL POdITIOK ON TEE HINGE MOtlBNTS 
OF AI^I UI'^AIA.NOED REDDER IN ATTriEDES 
SE-IUIu\TING SPIN CONDITIONS 
By Ralph W. St one ^ Jr. and Sanger M. Burk^ Jr. 


SIM#RY 


An investigation was made in the Langley 15 — foot free— spinning 
tunnel to determine the effect of horizontal-tail position on rudder 
hinge moments in attitudes siimEating spinning conditions. Hinge- 
moment measurements were made on an nnh'^^lanced rudder on a rectangular 
vertical tail for six positions of the horizontal tall. The hinge- 
moment measurements were supplemented hy tui't tests to determine the 
air flow about the vertical tail. 

The resuJ-ts of this Investigation are based on the rudder— pedal 
forces of the airpl.ane without regard to the effectiveness of the 
rudder in producing recovery from a spin. In general, the results 
Indicated that a low rearward position of the horizontal tail gave 
the smallest rudder hinge-^roment coefficients, which, in turn, 
indicated that the rudder shielding was gre^iter for this position of 
the horizontal tail than for other positions. Conversely, a high 
forward position gave the largest rudder hinge-^noment coefficients, 
which indicated the least rudder shielding for this horizontal— tail 
position. The results of tuft observations of air flow about the 
vertical tail substantiated these results. The rudder hinge-moment 
coefficients generally decreased in mcgnltude with increased angle 
of attack for all horizontal— tail positions. The effect of rudder 
deflection on rudder hinge-moment coefficient was not appreciably 
affected by the horizontal— tail positions exc3X3t in very flat spins. 
Computations of rudder— pedal forces based on the results of the ^ 
tests and upon empirical drag— coefficient data of spinning models 
indicate that for all tail positions the highest forces are obtained 
at the lowest angle of attack in the spin. The pedal forces for 
airplanes in the light— airplane category are well within the capabili- 
ties of the pilot for all angles of attack. For heavier aiii)lanes, 
the rudder may require som^e form of balance, particularly if the spins 
are steep. 
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irKjSOLUcrriON 


The protlam of spin recovery is conoidered to bo one of gi'eat 
Importance for all airpla,ne designs. Methods of obtaining effective 
tail designs for spin recovery of airplanes have been presented in 
reference 1 . Such tail designs, however effective, ^do not produce 
recovery if the controls cannot be moved as such movement is 
- generally necessary for recovery. The control forces of either the 
elevator or the rudder may be excessive and thus recovery may he 
pre.vontod. Estimations of elevator hinge mcmeuta and the corresponding 
stick forces in spins have been presented in reference 2 . The present 
investigation was landertakon tc px'ovide general information on the 
pedal forces in spins without regard to the effectiveness of the 
rudder in producing recovery. 

At the high angles of attack encountered with a spinning airplane 
the vortical tail iriay be shielded by the horizontal tail, fuselage, or 
wing. The present investigation provides information on pedal forces 
in spins with particular reference to the effect of the position of 
the horizontal tail. The wake of the horizontal tail may shield the 
vei’tlcal tail and influence the rudder conti’ol force — the extent, in 
general, depending on the relative positions of the horizontal and 
vertical tails. 

The tests were performed in the Langley I5— foot free— spinning 
tunnel with an unbalanced rudder and elevator on rectangular vertical 
and horizontal tails. Tie hinge-moment measurements were supplemented 
by tuft teats to determine the general natui’e of the air flow about 
the vertical tail at high angles of attack. Six different positions 
of the horizontal tail were investigated as well as the vertical tail 
alcno . 
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COEFFICIENTS AND SjfMBOLS 

rudder hinge-moment coefficient (H/qbj.c^j^^ y 
drag coefficient of airplane (D/qS) 

rudder-pedal foi'ce (positive when push force is on right rudder 
pedal), pounds 

rudd,er hinge moment (positive when it tends to deflect rudder 
to left), foot-pounds 


dynamic pressure, pounds per square foot 
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p mass density of air, slugs pei* cubic foot 

V true rate of descent, feet per second 

bj, rudder height, feet 

root— meai>-eq,uare chord of rudder (rearward of hinge axis), feet 
D drag of airplane, pomds 

S wing area, square feet 

¥ normal gross weight of airplane, pounds 

ly, total rudder— pedal travel (assumed as 0.5^ feet 

. rudder deflection with respect to fin (positive when trailing 
edge is to leit), degrees 


a angle of attack referred to chord of horizontal tall, degrees 

T{f angle of yaw (positive when nose of airplane is to right of 

flight path), degrees 


P angi.e of sideslip (positive when relative wind comes from 
right of plane of symmotry), degrees 


rate of change of rudder hingeHmcment coefficient with 
rudder deflection 



hate of change of rudder hinge-momont coefficient with angle 
of yaw 


APPARATUS 


A plan view and side view of the rectangular vertical and 
horizontal tails used for the tests are presented in figure 1. A 
sketch of the model mounted in the Langley 15 -foot free-spinning 
tunnel with a dashed outline of a fuselage sketched in for reference 
is sho^m in ,f igiure 2, Figure 3 is a photograph of the vertical tail 
alone mounted in the tunnel. A photograph of the tail assembly with 
the hoi-izontal tail in a typical position (lov? center position) in the 
tunnel is presented in figure k. The tails were made of laminated 
mahogany and had NACA C009 airfoil sections; and the elevator and 
rudder chords were 33*3 percent of tke airfoil chord. The gaps 
between the. movable and fixed surfaces were unsealed. The elevator 
and rudder bad no aerodynamic halanco. The rudder, however, was mass 
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■balanced so that no moment would fce exerted on the strain gage hecause 
of the weight of the rudder. 

The six com! ^nations of the horizontal tall mounted on the vertical 
tail are sketched in figure 5 and are as follows: 

Position I: The low forward position for which the chord line of 

the horizontal tail was 1 inch above the 'Dottom of the vertical tall 
and the elevator hinge line was forward of the rudder hinge line by 
approximately T rudder chord. 

Position II; The low center position for which the chord line of 
the horizonta], tail was 1 inch above the bottom of the vey-tical tail 
and the elevator hinge line coincided with the rudder hinge line. 

Position III; The low rear\rard position for which the chord line 
of the horizontal tail was 1 inch above the bottom of the vertical tall 
and elevator hinge line was rearward of the rudder hinge l.ine by 1 
rudder chord. 

Position IV; The high forward position for which the chord line 
of the horizontal tall was at a height midway of the vertical tail and 
the elevator hinge line ■was forward of the rudder hinge line by approxi- 
mately 1 rudder chord. 

Position V; The high center position for which the chord line of 
the horizontal tail was at a height midway of the vertical tall and 
the elevator hinge line coincided with the rudder hinge line. 

Position VI: The high rearward position for which the chord line 

of the horizontal tail was at a height midway of the vertical tail and 
the elevator hinge line was rearward of the rudder hinge line by 1 
rudder chord. 

The dimensional characteristics of the horizontal and vertical 
tails are as follows: 


Vertical tall sxurfaces; 

Total area, square inches 216 

Span, inches I8 

Chord, inches 12 

Rudder root-mean— square chord, inches 4 

Aspect ratio . 1.5 

Rudder area for positions I, II, IV, 

and V, square inches 72 

Rudder area for position III, square inches 65.25 

Rudder area for position VI, square inches 67. 00 

Airfoil section NACA COO9 
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Horizontal tail siu'faces; 

Total area,, square inches , 

Gpan,, inches 

Chord, jnches 

Aspect ratio 

Elevator ai'ea, S(iuai'e inches 
Airfoil section . 


, 414.26 

36 

, 12 
3 . 13 
, 126.26 
, a\G\ ocDg 


Because of construction diffic\ilties, the horizontal tall was 
actually moved 4.38 inches fo.r\fard of the rudder hinge line for the 
foivard position, whereas in the rearward position it was 4.00 iJichos 
(1 rudder chord) rearward of the rudder hinge line. Eor the tvTo 
rearward positions of the horizontal tail (positions III and VI) 
cut-outs were necessary in the lower and center parts (respectively) 
of the ruddei” to allow it to swing over the 3ta'bi]izer. (See' fig. j . ) 
A second rudder was constructed ’.rlth cut-outs lor these reerx^^ard 
horizontal-tail positions. A cut-out, made in the elevator (fig. 1 ) 
to allow the rudder to swing throi’glx its deal:. el i-ange for horizontal- 
tail positions II and Y, was retained for all other tail positions. 


The elevator and rudder were held hy a friction clamp at the 
desired deflection on the hinge rod, and all deflections were sot 
hjr templets. The rudder hinge moments were moasiu-ed e'’ect.vically 
hy a strain gage. This gage we:,s caiihrated by applying a series of 
known moments to the i udder. 


The tufts used to determine tho general natxire' cf the air flow 


about the Vertical ta.il were fine silk 


threads approxima.te.ly inches 


in length. Two .rov's of tufts at approxiiuately 1 -inch intervals v>ere 
attached to each side of the vertical tail hy Scotch cyilulcse tape; 
one row was pla.ced a.'^ong the fin and the other was placed along the 
rudder . 


• TESTS 


The tests Wei's conducted in the Langley 1^;;— foot free— spiiming 
tiunnel which has a tu'*:’hu'’ ence factor of l.?8. All tests wero made 
at a dynamic pressi:re of 2.66 pounds per sq^tiare foot, ’./hlch corres- 
ponds to an airspeed of 32.3 miles per hour under standard sea level 
conditions. 

The attitude of the tail assom’o.ly was varied to give the desirpd 
angles of attack and sideslip. The ruigle of sidesl.ip was simulated hy 
the angle of yau- as shovm in figirce 2 . Tho desired values of sideslip 
were obtained hy yawing the model abort the stability Zr-axis, v/hich is 
porpondicular to the vertica].ly rising airstream. Tlie stability axes 
are defined as an orthogonal system of axis in which tho .1-axie' is in 
the plane of symmetry and peipondicuW to the relative wind, th© X-exis 
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is in the plane of eymmetry and perpendicular to the Z-axis, and the 
Y-axis is perpendicular to the plane of symmetry. 


Hinge— Moment Tests 

In order to sjjnulate spinning conditions for the hinge— moment tests, 
the model was tested throughout an angle— of-attack range from 0® to 90° 
in 10° increments and through a yaw range of 30° to —30° in 10° incre- 
ments. The angles of yaw as set on the model may be interpreted as 
angles of sideslip that would be encountered at the tail of an airplane 
in a spin. The actual angle of sideslip is equal in magnitude to the 
angle of yaw but has the opposite sign. The angles of attach as set 
represent the angles of attack of the stabilizer and not angles of attack 
of the vertical tail as an airfoil. The rudder at each angle of attack 
and yaw angle was deflected from 0° to 30° in 10° increments. For the 
foregoing conditions, the vertical tail was tested with the horizontal 
tail in each of the six positions and also with the horizontal tail 
removed. The elevator deflection was zero for all tests. 

As there was no fin offset, results obtained with a positive rudder 
deflection may also be considered as representative of negative rudder 
deflection provided the hinge-moment coefficient signs are reversed. 

Each configuration, therefore, represents a spin with the rudder set 
either Arith or against the spin. For example, a negative angle of yaw 
with left rudder may be considered as representative of outward sideslip 
in a left spin with rudder with the spin or of Inward sideslip in a right 
spin with rudder against the spin. Similarly, a positive angle of yaw 
with left rudder may be considered as representative of outward sideslip 
in a right spin with rudder against the spin or of inward sideslip in a 
left spin with rudder with the spin. Table I shows in detail how the 
various figui’es may be interpreted for a right or left spin and how the 
angles of yaw may bo interpreted to represent sideslip. 

Tuft Tests 

Tuft testa were made on the vertical tail for various positions of 
the horizontal tail and for the condition with the horizontal tail 
removed. These testa were arbitrarily made at angles of attack of 0°, 
10°, 20°, 50°, and 80° and for angles of yaw of 0° and —15° when the 
horizontal tail was installed and for 0° and -±20° when the horizontal 
tail was removed. 


CORRECTIONS 

No corrections were made for the effect of the tunnel walla on the 
tail surfaces as the size of the surfaces was small compared to the 
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diameter of tlie tunnel and the correct lone would therefore he negligible . 
Strut Interference effects have also been neglected. At first the 
rectangifLar wooden arm which supported the vertical tail (fig. 3) 
was expected to cause an increase in the effective aspect ratio of the 
vertical tail. The hin^-^oment tests with the horizontal tail removed, 
however, gave coefficients of the order expected for a rudder on a tail 
of aspect ratio 1.5 c,s computed exclusive of the supporting memoer which 
indicates negligible interferonco effects. 


EESULTS AND DISCUSSION 
Rudder Hinge Moments 

Rudder hinge-moment coefficients obtained from tests of the 
vertical tail in various combinations with the horizontal tail are 
presented in figures 6 to ll’-. In order to show the shielding efiect 
of the horizontal tail on the vertical tail, the hinge— moment coef- 
ficients obtained from tests of the vertical tail alone have been 
plotted on these same figiires. The oTialysis of these data is based 
on aerod;ynamic forces on the rudder without regard to any frictional 
or centrifugal forces that may exist on the aii’plane control suriacos 
in a spin. 

Effect of annle of attaclc on rudder hin/:;e-moment coeffi ci-^tg. . - 
The veiriation of rudder hinge— moment coefficient with angle of attack 
for various positions of the horizontal tail and with the horizontal 
tail removed are presented in figures 6 to 9* rudder hinge— moment 

coefficients for all positions of the horizontal tail, decreased in 
magnitude from those for the vertical tail alone; this amo^mt of 
decrease increased, in general, with angle of attack. The coefficients 
changed with angle of attack so that they generally approached the line 
of zero hinge-inoment coefficient at very high angles of attack. 

In a very few cases the hinge— moment coefficients of the rudder 
in the presence of the horizontal tail changes sign from those of the 
rudder alone. This tendency is analogous to overbalancing in that the 
rudder tends to float in the direction opposite to that expected. 

In general, the high forr-rard position of the horizontal tail 
(position IV) led to the highest values of rudder hinge-moment coefficient, 
whereas the low rearward position (position III) led to the lowest values. 
These results Indicate that position IV produced the l-oast rudder shielding 
or blanketing effect, whereas position III produced the most shielding. 

The shielding effect of the horizontal tail on the vertical tail was small 
at low angles of attack (O^ to 10^) but increased as the angle of attack 
increased. The relative difference in the shielding effect caused by 
tail position vras small at low angles of attack (0^ to 20^) but generally 
increased as the angle of attack increased up to angles of attack of 
about 80 ^, beyond which the relative difference tended to decrease again. 
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Effect of rui ider deflocbion on rtidder hln/^o-jTiomenb coeff'^' dents .— 
The Variation of rudder hinpi;e— iiioinent coefficierit with rudder deflection 
for various angles of yaw is presented in figures 10 to 17. These 
figures are cross plots of figures 6 to 9 a range of angles of ya.w 
most comraonH.y encountered in spins. The sloue Cr, was nob greatly 
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affected by the installation of the hoi'‘izontal tail on the vertical tail 
or by the various positions of the horizontal tail at low and moderate 
angles of attack bu.t decreased negatively an apureciable amount at higli 
angles of attack (60^ and 80°) which simulate the conditions for very 
flat spins. 


Effect of yaw on rudi^er hi ng;e— moment coefficients .— The varis,tlon 
of rudder hinge-mioment coefficient with angle of yaw for irudder deflec- 
tions of 0° and 30° is presented in figures I3 and 14. The suecific 
rudder deflections of 0^ and 30° were chosen to represent neutral and 
full rudder del lection in a spin. These figures were obtained bj’" cross- 
plotting from fig^ires 6 to 9. 

The slope was not appreciably affected by the installation 

of horizontal. ta,ix at low angles of a.ttack. Xn the normal sninning 
range of angle of attack (30° to 50°) and for high angles of e.ttackj 
however, there was a marked change in the slopes. As previously indicated, 
the slope wa,s not affected in the normal range of angle of attack. 

Therefore, the direct effect of shielding of the rudder by the horizontal 
tail in the noimial spinning rtuige of angle of attack is to change the 
values of Ct, . 


Tui’t Tests 

Some iiidica.tion of the shleld.ing effect of the horizontal tail on 
the vertical tail was obtained from tuft obserrvations . The results of 
the tuft tests are presented in figua-es I5 to 21. The photographs give 
some Indication of the shielding effect of the horizontal tail on the 
vertical tail and in generra substantiate the resi.ats of the hinge- 
moment tests. 


Application of Hinge-Moment Bata 

The hinge— moment coefficients presented herein may be used to 
estimate the rudder— pedal forces required to reverse the rudder on an 
airplane in a spin, provided that the angle of attack and sideslip at 
zhe tail are 1010™. The rudder-pedal force is 


F = Cj^qcj^^^bj. 


ISOZ- 


( 


\ 
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or 


In a steady spin the weight of an airplane eq,uals its drag; therefore, 

w = r =. Cpqs ■ ■ , . . ■ . . - ■ ■ . . ’ 

q =F 


By substitution, then. 


„ „ W/s_ ?, 3r« 

= '=is5r'=r®»-^*— 


(1) 


The variation of drag coefficient with angle of attach for a spinning 
airplane is given in figure . 72. This curve was determined from an average 
of exp)erimental values obtained from spin— tunnel tests of numerous models. 


In order to il.\ustrate this iiethod of coDjputlng tie rudder -peual 
forces fcr a epecifl!5 design; the following erample is given. Consider 
an airplane ■ that has a tail cmfiguraticn similar to the high rearward 
position of the torlzjsi'at.al tail (position VI), a no.iTiial groan weight of 8OOO 

pound.G, a wiag„a.r©a of 270 sqiiare feet = 29. o Ih/sa ftj), end a vertical 

tail .area of 25 sqixar© feet , Assume that the airplane is spinning to the 
right at an al.titude of 15,000 feet at e,n angle of attach of 30° with 
90^ ou’bward Bideslip at the tail and that the rudder is deflected 30° 
against the spin. From figure 92, the drag coefficient is 'found to be 
0.7^. The rudder— pedal force can nw? be determined. The total pedal 
travel is assumed to be 0.54 feet and the total I'udder deflection, 60°. 

The rudder dimensions are- assumed to be proportional to those of the 
model used in the current testa (bj., 6.12 ft and 1-3^ ft). From 
table 1, if the airplane is assumed to be in a right spin, the rudder 
30® against the spin, and the sideslip 20° outward, the figure that 
applies to this condition can be determined. In this 'case, the figure 
' is 9(b) and the value of the hinge-jflomont coefficient is— 0.255* Thus, 
substituting this value in the force formula (equation (1)) gives a 
rudder— pedal force of —222 pounds. This push force is that which is 
required on tho left pedal to move the rudder fully against the" spin. 

In order to determine the magnitude of the r'addor— pedal forces’ , 
likely to be encountered with airplanes in a spin, computations have 
been made for three representative sizes of airplanes for different 
horizchtal— tail positions and for the ■vertical tail alone. The ali’pl.anes 
represented are light— airplane, fighter, and lighi^bomber types. Weights 
of. 1500, 10,000, and 20,000 pounds were chosen, respectively, for these 
types. The wing areas used for the: three types were 165, 305> and 475 
square feet, respectively, and respecti’ve vertical tail ax'eas of 12.0, 

28 , 5j and 55*5 square feet were ^^sed. These areas were determined from 
an average of areas for nimierous airplane designs tested in the spin 
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tunnel. The proportions of the vertical tail and rudder were assumed 
to he proportional to those of the model used for the current hinge- 
moment tests. For these computations, the angle of sideslip assumed 
was zero, the rudder deflection used was 30^^^ and the value of p was 
arbitrarily taken at an altitude of 15,000 feet. The results of the 
computations are plotted on figure 23. 

For airplanes in the light-airplane category (fig. 23(a)), it 
appears that, for any position of the horizontal tail or for the 
vertical tail alone, the rudder— pedal force required to set the rudder 
agaiilst the spin in no case exceeds IkO pounds. This force is much 
smaller than the maximum of approximately kOO pounds that a pilot can 
exert on a rudder pedal. (See reference 3«) Figure 23(a) also indicates 
that the horizontal— tail position affects the rudder— pedal forces of 
light airplanes only slightly, because the maximxm force for any 
horizontal— tail position or for the vertical tail alone is relatively 
small. Only one cixrve was drawn through the numerous points for the 
various positions of the horizontal tail in this particular figure. 

Thus, for a light airplane it seems that the rudder— pedal forces 
encountered in spins should be well within the capabilities of a pilot 
regardless of horizontal— tail position. 

For larger and heavier airplanes (fig. 23(b) and 23 (c)) the pedal 
force is shown to be larger at any given angle of attack because of the 
larger control surface and because of the increase in rate of descent 
in the spin. 

If a fighter airplane spins at an angle of attack of 30° greater 
(fig. 23(b)), or if a light bomber airplane spins at an angle of attack 
of 50° or greater (fig. 23 (c)), the rudder— pedal force necessary to 
reverse the rudder at these attitudes should be within the pilot’s 
capabilities. Below these respective angles of attack, hovrever, some 
type of rudder-balance or booster system may be used to overcome the 
excessive forces. For example, in figure 23(c) a light bomber, spinning 
at an angle of attack of 30° with the horizontal tail in the low rear- 
ward position (position III), must have at least 30 percent of the 
unbalanced rudder force balanced out in order to bring the pedal forces 
within the limits of the forces that the pilot can exert. 

In general, from an angle of attack of 10° to k 0 ° (fig. 23(b) and 
23(c)), the force gradient for eill horizontal— tail positions was very 
steep, which indicates that a small change in angle of attack led to a 
large change in pedal force. This result may be taken as an indication 
that, as the angle of attack decreases during the recovery, the pedal 
force required to maintain the rudder full against the spin increases. 

The low rearward position (position III) of the horizontal tail, in 
general, required the smallest pedal force to reverse the rudder fully 
or to maintain it full against the spin for any given angle of attack. 
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■whereas the high forward position (position lY) required the largest 
force. Spin— tunnel results have Indicated that, for the low rearward 
positions of the horizontal tail the rudder may he ineffective in 
producing a recovery and, for high forward positions of the horizontal 
tail, the rudder is generally effective in producing a recovery. Thus, 
for high forward positions of the horizontal tail maintaining the rudder 
full against the spin may not he necessaiy to obtain a satisfactory 
recovery, and such horizontal— tail positions may therefore not neces- 
sarily require large pedal forces for satisfactory recoveries. 


CONCLUSICNS 


The results of the investigation to determine the effect of 
horizontal— tail position on the rudder hinge-momeut coefficients and 
pedal— force characteristics of an unbalanced xaidder with rectangular 
plan form in attitudes simulating spin conditions indicate the following 
general conclusions without regard to the effectiveness of the rudder 
in producing a recovery: 

1. The low rearward position of the horizontal tall gave the 
smallest rudder hinge— moment coefficients and pedal forces, which thus 
indicates that the shielding effect of this position was large relative 
to the other horizontal— tail positions. Conversely, the high forward 
position gave the largest hinge-moment coefficients and pedal forces 
which indicates that the relative shielding effect of this position was 
small. Tuft observations substantiated these relative shielding effects. 

2. The rudder hinge— moment coefficients generally decreased with 
an increase in angle of attach for all horizontal— tail positions. 

3. The rate of change of the rudder hinge-moment coefficient with 
rudder deflection was not appx’eciably affected by the horizontal--tail 
position except in very flat spins. 

4. The rudder— pedal force for a light airplane for recovery from 

a spin should be well within the capabilities of the pilot. For heavier 
airplanes, the rudder may require some form of balance, particularly if 
the spins are steep. 
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5. The pedal force required for fiill rudder reversal for recovery 
fropi a spin Increases I'apidly as the airplaiie an.Tlscf attack in the 
spin decreases, es;peciaily at relatively low ang.les of attack. 


Langlej’’ Memorial Aeronautical. Lat oratory 

ITatiorLal Advisory Committee for Aeronavitics 
Langley Field, Va., March 2b, 19’i-7 
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t^:ble I 

IIWEBPSETATION OF RUDDER EIHGE--M0M3NT COEFFICIENT CURVES FOR RIGHT ^ 


OR LEliT SPIN 


1 Rudder 

deflection, &j. 

Direction of sideslip (right spln)^ 

With spin^ 

0 

Inward 

Outward 

— 

1 

— 

Neutral 

— 

— 

— 

0 

Outward 

Inward 

Against spin 

0 

Outward 

Inward 

1 

— 

— 


Direction of sideslip (left spln)^ 

With spin 

0 

Inward 

Outward 

- - - 

— 

— 

Neutral 

— 

— 

— 

0 

Inward 

Out'ward 

Against spin^ 

0 

Outward 

Inward 

— 

— 

— 

Read C^^ 
from, figs.— 

7(d) 

8(d) 

9(d) 

7(a)^ (b):. (c) 
8(a), (h), (c) 
9(a), (h), (c) 

7(e), (f), (g) 
8(e), (f), (g) 
9(e), (f), (g) 

6(d) 

6(a), (h), (c). 

6(e), (f), (g) 


^Sign of rudder hinge— momen't coefficient^ defieotion^ and angle of yaw must he reversed 
for this condition. 

“^Sideslip at the tail of the airplane is opposite in sign and equal in magnitude to values 
t presented in figures. 
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Figure 1.- Plan and side views of the rectangular vertical and 
horizontal tails. Dimensions are full scale. 
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Figure 2. - Horizontal and vertical tail in attitude simulating spin with 
fuselage of airplane sketched in for reference. Arrows indicate 
direction of positive values of angles. 
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Figure 3.- Vertical tail mounted in Langley 15-foot free-spinning tunnel. 
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(a) Left -side view. 


(b) Right-side view. 




Figure 4.- Photographs of vertical tail with horizontal tail in position II. 
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Fig. 5 
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Figure 5.- Sketches of vertical tail in six combinations with 

horizontal tail. 
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00 


Figure 6.- Rudder hinge -moment coefficient as a function of angle of 
attack at 6^ = 0° for various angles of yaw and positions of 

horizontal tail. 
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Fig. 6c -e 




Figure 6.- Continued. 
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Figure 6.- Concluded. 
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Fig. 7a, b 
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Figure 7.- Rudder hinge -moment coefficient as a function of angle of 
attack at 6^ = 10° for various angles of yaw and positions of 

horizontal tail. 
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Figure 7.- Continued. 
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Fig. 7f,g 



Figure 7.- Concluded. 





Fig. 8a, b 
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Figure 8.- Rudder hinge -moment coefficient as a function of angle of 
attack at 6^ = 20° for various angles of yaw and positions of 

horizontal tail. 
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Figure 8.- Continued. 



Fig. 8f,g 
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Figiire 8.- Concluded. 
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Fig. 9a 



Figure 9.- Rudder hinge -moment coefficient as a fimction of angle of 
attack at 6^. = 30*^ for various angles of yaw and positions of 

horizontal tail. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Fig. lOa-d 
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Figure 10.- Rudder hinge -moment coefficient as a function of rudder 
deflection at \|r = 20° for various angles of attack and positions 
of horizontal tail. 
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Figure 10.- Concluded. 
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Figure 11.- Rudder hinge -moment coefficient as a fimction of rudder 
deflection at i = 0° for various angles of attack and positions 
of horizontal tail. 
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Figure 11.- Concluded. 
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Figure 12.- Rudder hinge -moment coefficient as a function of rudder 
deflection at t = -20° for various angles of attack and positions 
of horizontal tail. 
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Figure 12 


Concluded. 
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Fig, 13a,b 
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Figure 13.- Rudder hinge -moment coefficient as a function of angle of 
yaw at 6^. = 0° for various angles of attack and positions of 

horizontal tail. 
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Figure 13.- Continued. 
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Fig. 13e 
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Figure 13.- Continued. 
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Figure 13.- Concluded. 
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Fig. 14a, b 
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Figure 14.- Rudder hinge -moment coefficient as a function of angle of 
yaw at 6^ = 30° for various angles of attack and positions of 

horizontal tail. 
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Figure 14.- Continued. 
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Figure 14,- Continued. 



Fig. 14f 
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Figure 14.- Concluded. 
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Figure 15.- Photographs of tuft tests performed on vertical tail 

free -spinning tunnel. 
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Figure 15.- Concluded. 
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Left spin 


Right spin 


Left spin 


Right spin 



Figure 16.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15 -foot free-spinning tunnel. Horizontal tail is in position I. 
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Figure 16.- Concluded. 
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA 


NACA TN No. 1337 Fig. 16 cone. 
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Figiire 17.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel. Horizontal tail is in position II. 
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Figure 17.- Concluded. 
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Figure 18.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15 -foot free -spinning tunnel. Horizontal tail is in position HE. 
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Figure 18.- Concluded. 
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Figure 19.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15 -foot free -spinning tunnel. Horizontal tail is in position IV. 
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Figure 19.- Concluded. 
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Figure 20.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel. Horizontal tail is in position V. 
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Figure 20,- Concluded. 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA 
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Figure 21.- Photographs of tuft tests performed on vertical tail in combination with horizontal 
tail in Langley 15-foot free-spinning tunnel. Horizontal tail is in position VI. 
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Figure 21.- Concluded. 
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Figure 23.- Variation of rudder-pedal force with angle of attack for 
various positions of horizontal tail and for vertical tail alone. 

P , taken arbitrarily at an altitude of 15,000 feet; ^ = 0°; 6^ = 30°. 
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Figure 23.- Continued. 
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Figure 23.- Concluded. 


